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NOISE IDENTIFICATION AND REDUCTION IN SMALL HERMETIC REFRIGERATION COMPRESSORS 
Michael E. Brown 
Americold 
2340 2nd Ave NW 
Cullman, AL 35055 
ABSTRACT 
This paper refers to the identification study of noise emitted from high efficiency reciprocating compressors for low back pressure domestic applications. As a supplier in the American market where high energy efficiency was considerect the main selling criteria, noise levels often were less important than energy usage. Since the EER levels of the so-callect "SSG" series of compressors (5.30 Btu/W-h and above;l.325 kcal/W-h anct above) producect by Americolct is a goal of many competitors, the focus of work coulct be shiftect to noise rectuction. 
The attenuation of 3dB was established as the minimum goal. Since, the highest amplituctes were at 1/3 octave bancts of 400, 500 anct 3150 Hz., it was cteterminect that the source(s) shoulct be ictentified and the component(s) moctifiect to attenuate the levels at those frequencies. 
This paper presents the identification techniques anct modifications resulting in the rectuction of sound levels emitted from fractional horsepower hermetic refrigeration compressors. 
INTRODUCTION 
Small high efficiency reciprocating compressors have been widely used in residential refrigerators and free2ers • The main selling criteria in the American market is energy usage and in the European market noise levels. 
Since the refrigerator is usually located in the kitchen and in close . proximity of living sp~ces and most refrigerators are operating close to 50% of the time, many consumers are annoyed by the sounds emitted from the refrigerator. Most American consumers usually locate the freezer in the basement or garage, which lllakes the freezer less susceptible to consumer complaints. The sounds emitted from the compressor, the major contributor to the overall perception of sound, are a ctirect reflection to the overall quality of the proctuct. Therefore, if we improve the sound quality of the compressor, value is added to our product. 
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IDENTIFY PROBLEM 
Acoustics is defined as the science of sound and contains two 
natures. The physical nature is sound as a disturbance in air. Thy 
psychophysical nature is sound as perceived by the human ear. 
Engineers normally study sound as a physical stimulus, however, 
sound to the consumer impinges on human experience as a sensation. 
Acousticians study the physical and psychophysical aspects of 
sound because the two are so interrelated. Analyzers and other 
measuring equipment are used to obtain the physical nature. The 
psychophysical nature is measured by a group of subjective listeners 
called a "jury" or referred to as "jury testing." 
A refrigerator from one of Aroericold's customers was selected to 
establish the base for the noise reduction program. The 
refrigerator was allowed to cycle overnight at nominal provision and 
freezer compartment temperature settings in our semi-anechoic 
chamber. Then, a "jury test• was conducted with the observers 
documenting the psychophysical aspects. The "jury" was directed to 
write descriptive te~s for the noise characteristics they perceived 
with aome noting of the operating time. The refrigerator was 
allowed to cycle into operation. Subjective listeners complained of 
a harsh start-up noise, a slight metallic flutter about 45 seconds 
into the cycle and a high pitched ring after 2 minutes of operation. 
Then, a collection of narrow band spectrums were taken on the 
refrigerator in the 100 Hz. to 5000 Hz. frequency range with no 
weighting. The microphone was attached to a pre-amplifier and a set 
of loudspeakers, it was determined that the sound emitted from the 
setup was very aimilar in noise characteristics observed inside the 
semi-anechoic chamber. Then a B&K frequency analyzer, type 2107, 
with frequency rejection and selection capabilities was introduced 
into the test setup. By rejecting and selecting different 
frequencies bands, we noticed the following: 
a) The harsh low frequency start-up noise appeared in the 
350-500 Hz. frequency range. 
b) A high pitched ring appeared in the 2900-3100 Hz. 
frequency range. 
c) The metallic flutter was of short duration and not 
identified. 
The sound work was shifted to the Americold reverberation 
chamber, where the presence of a· full condensing load stand is 
available for testing the cOlllpressors at different operating . 
parameters separate from the refrigerator. Sound spectrums were 
collected on the refrigerator in the reverberation chamber at one 
minute, four minutes, and eight minutes into the operating cycle 
(see Table 1). All the data _was recorded on a DAT (Diqital Audio 
Tape) recorder. This approach allowed a direct comparison for "jury 
testing" after modifications were made to the compressor and mounted 
in the refrigerator. Also, by recording the data on the DAT, any 
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sound phenomenon occurring during the operating cycle could be analyzed in more detail by inputting the recorded data into a spectrum analyzer. The sound data at the previous operating times included spectrums of two filtering systems. The l/3 octave-band filter system have bandwidths that, are not equal but use a percentage of the center frequency. The constant bandwidth filter system uses a constant resolution bandwidth over the entire frequency l:'ange. The 1/3 octave-band filter system is used to indicate how large a pl:'oblem exists overall and partitions the noise into individual frequency groups to help and identify offending frequencies. Constant bandwidth filter systems arranges frequency components in a systematic pattern. Third octave-band spectrums included the frequency range of 100 Hz. to 10 KHz. with frequencies on a log scale. The constant bandwidth filter system included two varieties, one being the frequency range of 100 Hz. to 1 KHz. linear-weighted and the other a frequency range of 100 Hz. to 5 KHz. A-weighted. All the constant or narrow band spectrums had frequency on a linear scale. The linear-weighted spectrums were chosen to evaluate the turn rate harmonics and the A-weighted spectrums to emphasize where the human ear is most sensitive around 3 KHz •• Sound power levels were calculated in the 1/3 octave-band spectrums using the comparison method for a reverberation chamber as defined in ANSI 51.31. 
The compressor was removed from the cabinet and sound tests were conducted using the load stand at 19.2 PSIA suction pressure and 195.7 PSIA discharge pressure. An overlay of the A-weighted sound spectrums indicated very little correlation between the refrigerator and compressor. Operating parameters for the refrigerator were measured at 12. 7 PSIA suction pressure and 124.7 PSIA discharge pressure. The sound teats were repeated on the compl:'esso:r:, outside of the J:'efrige:r:ator, at the measul:'ed conditions with good correlation between the compressor and refrigerator. Basically, the harsh low frequency start-up noise and high pitched ring were identifiable using the load stand in the l:'everbe:r:ation chamber. At this point, we had identified the problem frequencies and they were reproducible on the load stand in the reverberation chamber: with the compressor outside the refrigerator (see Table 2) • This result indicated that the compressol:' mounting scheme does not have a critical effect on the noise emitted from the refrigerator. Modifying the compl:'essol:' mounting grommets and placing shock loops in the rigid tubing connections would not attenuate the problem frequencies to acceptable levela. 
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PLAN OF A'ITACK 
The l/3 octave-band of 200 Sz. (12 Rank for Refrigerator) is the 
fan noise created by the blade passing frequency (RPM / 60 x Number 
of Blades). This frequency is caused by the circumferential 
distortion in the steady flow field surrounding the fan. To reduc
e 
this, the tolerance between the blades and braces, edges of th
e 
orifice, should be tighter. 
The narrow band frequencies of 350 Hz., 410 Hz., and 470 B:;i:. 
(13, tl, & 12 Rank for Compressor) are the 6th, 7tli, and 8tn, 
harmonic of the motor turn rate. 
, A modal analysis on the compressor shell, using a hammer and 
accelerometer mounted in the cabinet, resulted in a natura
l 
resonance at 2950 Hz., 3430 Hz., and 3690 Hz. (see Table 3). The 
mo4e at 2950 Bz. showed maximum deformation near the discharge
 
fitting. The mode at 3430Hz, ha4 a maximum deformation at the·to
p 
of the upper shell. A modal te.st was conducted on the compresso
r 
outside the refrigerator and suspended free-free from soft spring
s 
with general agreement to the results obtained in the refrigerator. 
The compressor was placed in the reverberation chamber with the 
load stand controlling the operating parameters. Noise sensitivit
y 
testing followed by varying a single oper~ting parameter from 
nominal values while others were held constant. 
a) 
b) 
Vary the gas cavity temperature to shift alignment of the 
acoustic resonant frequencies. with the pumping harmonics. 
The mechanical resonant frequencies will not change so the 
gas resonant frequencies. can be identified from the narrow 
band noise levels; ana 
Vary the running speed of the compressor to shift the 
alignment of the compressor pumping harmonics with the 
compressor resonant frequencies. Neither the acoustic or 
the mechanical resonant frequencies will shift so all of 
the compressor resonant frequencies can be identified from 
the narrow band noise. Since the acoustic resonant 
frequencies have been identified from part . a) the 
additional resonant frequencies will be mechanical 
resonances. 
· The compressor was operated at a range of suction temperatures 
(74°F. to 109°F.) with little change of the resonances at -350 
Hz., 410 Hz. ,470 Hz. and 760 Hz. in amplitude and frequency
. 
Either they were not a product of acoustic resonances or th
e 
temperature of the gas within the shell changed very little wit
h 
return gas temperature. Then, the compressor was operated at bot
h 
60 Hz. and 50 H2. input frequencies to the motor. The running speed 
of the motor could be changed slightly by changing the suppl
y 
voltage. Varying the voltage for the input frequenc~ of 60 Hz. 
produced a signifieant change in the 760 Hz. (13 harmonio) 
indicating the possibility of a mechanical resonance. Variation o
f 
the voltage for the input frequency of 50 Hz. produced some changes
 










) "" Wavelength 
~ = c If 
If the resonance is acoustical for the two operating mediums ( R-12 and air) , the wavelengths will be the same and the speed of sound for each medium will change proportionally with the frequency and ~ R-12 ~ ( cR-12 I Cair l * %air 
Table 4 shows a list of acoustical resonances for the different 
operating mediums with the ratio of fR-12 I :f air· The compressor shell assembly was cu~ open and the pump assembly removed from the lower shell. Upon examining the oil cooler tube formation it was determined that the loops were touching each other and the bottom of the shell. Tests were made of the lower shell and oil cooler tubes with an impact hammer and accelerometer. There was a coincidence :in both spectrums at 454 Hz. and a spike off the oil cooler tube at 730Hz •• By forming the oil cooler tube, so they did not touch each other or the bottom of the shell, spikes occurred at different points with the dominant one at 988Hz •• Then, the compressor was mounted into the lower shell and a modal test of the discharge line conducted with spikes at 434 Hz., 460Hz., 700Hz. and 1230Hz •• 
Internal mounting springs were checked and found to be resonant at 7.2 Hz. and are not a contributor to the noise of interest. The compressor mounting grommets were checked and found' to be resonant at 31 HZ. and not a contributor to the noise of interest. 
ATTACK THE PROBLEM 
The various intervention5, noise sensitivitie5, and modal data were summarized. Product Engineering decided to take the data that was somewhat incomplete and attempt a quick fix for the current 
"SSG" series of compre5sors. The first modification (Modification A) was made in an attempt to lower the mechanical resonance in the 113 Octave Band of 500 Hz.. Modification nUJDber two (Modification B) attacked the mechanical resonance in the 113 Octave Band of 3150 Hz.. The last modification (Modification C) was made in an attempt to attenuate the amplitudes in the 113 Octave Band of 400 Hz •• The results of the Modification A, Modification B and Modification c to the compressor are shown in Figure 1 in 113 Octave Bands. Figure 2 shows the reduction in 113 Octave BanQS for the modified compressor placed in the refrigerator. 
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CONCLUSION 
The goal of 3dB was achieved for the refrigerator by combining 
the intervention and indirect methods for a quick fix to t
he 
problem._ Americold compressors were comparable to various oth
er 
compressors after 4 minutes of operating time. However, t
hey 
usually were noisier in the start-up to 4 minutes of operat
i~g 
time. The focus of this initial noise reduction project was to 
reduce the start-up noise to that comparable to the quiete
st 
compressors available. An in-depth analysis including intern
al 
measurements will be conducted on future models of Americo
ld 
compressors and yield sufficient knowledge on the noise sources. 
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CABINET COMPRESSOR RANK 
PRESENT NOT-PRESENT 0 
PRESENT PRESENT 3 
PRESENT PRESENT 1 
NOT-PRESENT PRESENT 2 
-PRESENT PRESENT 4 
PRESENT PRESENT 5 
PRESENT NOT-PRESENT 0 
NOT-PRESENT PRESENT 6 
tiii!UI-mliJUII,_ 
0-NO I!ANKING SINCE NOT PRESENT ON LOAD STAND 
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TABLE 3 - NATURAL RESONANCE DETERMINED FROM 





TABLE 4 - ACOUSTIC RESONANCES DETERMINED USING 
NARROW BAND SPECTRUMS OF 100 Hz. TO 5 KHz. 
A-WEIGHTED AND TWO OPERATING MEDIUMS 
FREQUENCY FREQUENCY RATIO 
R-12 (HZ.) AIR (HZ.) j.R-1.2. I }AI~ 
350 725 0.483 
410 887 0.462 
470 1,000 0.470 
770 1,650 0.467 
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FIGURE 1 - NOISE SPECTRUM FOR COMPRESSOR 
STARTUP ANALYSIS 









• STANDARD BASE 
D MODIFICATION A,B. & c 
FIGURE 2 - NOISE SPECTRUM FOR REFRIGERATOR 
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